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AA and pA/dA

« Trying to summarise the physics done in the relativistic

heavy-ion community in a talk of 30 minutes itself seems
difficult

« Choosing mainly topics of the field which might be

Interesting for the high-energy cosmic ray community Is
still quite challenging

- Mainly focus here on recent results in p-Pb/d-Au
collisions since it seems to have the largest overlap with
the heavy-ion and the high-energy cosmic ray
communities
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Why do we investigate p-Pb collisions?

« Traditional idea: reference for
Pb-PDb collisions in order to
Investigate cold nuclear matter
(initial state) effects.

« However, the data turned out to

be very interesting in itself:

— Do we observe collective effects in a
small system such as p-Pb collisions?
Is there hot matter in local thermal
equilibrium created?

— Do we observe an enhancement of ALICE p-Pb @ 5.02 TeV
high-p; particles with respect to pp
collisions while we see a suppression
in Pb-Pb collisions?

— What can we learn from heavy flavour
and electroweak bosons?
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Collectivity and approach to equilibrium
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Introduction — collectivity

« Itis important to distinguish between
— a system of individual particles and

— a medium in which individual degrees of freedom do not
matter anymore and we can apply thermodynamic
concepts.

« Thermodynamic concepts are typically used for systems
with large number of particles (> 10%) particles in local
thermal equilibrium.

— central (0-5%) Pb-Pb collisions (LHC): dN/dn = 1600
— high mult. (0-5%) p-Pb collisions (LHC): dN_,/dn = 45
— min. bias pp collisions (LHC): dN_/dn = 6

» Lifetime of the system must be long enough and mean
free path must be short enough so that equilibrium can
be established by several (simulations indicate about 3-
6) interactions between its constituents.
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Radial and elliptic flow

Isotropic (radial) flow
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Angular correlations and
double ridge (1)

Di-hadron correlations study anisotropies in
the particle production on event-by-event
basis.

In Pb-Pb collisions, they are associated
with elliptic flow resulting from the
hydrodynamical expansion of the system
and the initial collision geometry. e

\}y)’ 2

JHEP 1009:091,2010  Phys. Lett. B 718 (2013) 795 :
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Angular correlations and
double ridge (2)

Triggered further measurements from ATLAS, CMS, ALICE...

From the high-multiplicity yield subtract the jet yield obtained in low-
multiplicity events (no ridge) — double ridge.

Correlations of non-identified and also identified particles.

Azimuthal projection is decomposed into Fourier components: v,
and v, dominant
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Angular correlations and
double ridge (3)

* Mass ordering observed by ALICE and CMS —

reminiscent of Pb-Pb phenomenology

e as expected from hydrodynamic behavior: p = fy-m

[CMS-HIN-14-002]
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Angular correlations and
double ridge (3)

reminiscent of Pb-Pb phenomenology
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Flow from initial hotspots
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pT-Spectra— radial flow?
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pT-Spectra— radial flow?

Hydrodynamic models
(EPOS, Krakow) show a
better agreement than QCD
inspired models (DPMJET).
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pT-Spectra— radial flow?

Hydrodynamic models
(EPOS, Krakow) show a
better agreement than QCD
inspired models (DPMJET).

A combined blast-wave fit to
the data (simplified hydro
model — T, B) gives a
reasonable description.
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pT-Spectra— radial flow?
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Hydrodynamic models
(EPOS, Krakow) show a
better agreement than QCD
inspired models (DPMJET).

A combined blast-wave fit to
the data (simplified hydro
model — T, B) gives a
reasonable description.

p-Pb and Pb-Pb data follow
the same trend —
consistent with a collective
expansion.
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Hydrodynamic models

A combined blast-wave fit to

(EPOS, Krakow) show a the data (simplified hydro
better agreement than QCD || model — T, B) gives a
inspired models (DPMJET). reasonable description.

p-Pb and Pb-Pb data follow PYTHIA 8 with color
the same trend —
consistent with a collective trend (without hydrodynamic

expansion.

reconnection shows a similar

flow).
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pI-Spectra—r
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(B

Hydrodynamic models
(EPOS, Krakow) show a
better agreement than QCD
inspired models (DPMJET).

A combined blast-wave fit to
the data (simplified hydro
model — T, B) gives a
reasonable description.

p-Pb and Pb-Pb data follow
the same trend —
consistent with a collective
expansion.

PYTHIA 8 with color
reconnection shows a similar
trend (without hydrodynamic
flow).

Other effects can mimic flow-like patterns!
And also pp data shows a similar trend
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Even nuclel show this
behaviour
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« Deuterons and anti-deuterons are produced nearly equally in p-Pb
collisions at the LHC
* Their p;shape is well described with a simple hydro model

ISVHECRI 2014 - Benjamin DoOnigus - 19.08.2014 13



2d/(p+pP)

s T T - L = e - -

o

Deuteron-to-proton ratio

Rise with multiplicity

No further increase in
Pb-Pb collisions
ithin errors

x10™
L | B |ALICE, pp, \5.,, =7 TeV
- Vi ALICE preliminary
- [ # JALICE, p-Pb, {5, =5.02 TeV

WA Multiplicity Classes (Pb-side)
- | ® | ALICE, Pb-Pb, \5,,, =2.76 TeV H H ﬁ H
B Ll Lol Ll
1 10 10° 10°

{chh / I::h";"laha) ]”mu] < 0.5
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Particle yields and chemical
equilibrium (1)

« Multi-strange particles are of particular interest as their
production rate is sensitive to the system size.

 In high multiplicity p-Pb collisions similar values as in
central Pb-Pb collisions are observed for = (dss), not
quite for Q (sss).

=/ . Q/r

%107 x10
—_— C —_—~
B SF ALICE Preliminary B ALICE Preliminar y
+ F + i—  GSlImodel
s o H | S e
. - 2.3 model
~ F H H H D | e
I °F ﬂ a T i I
: b ! v f H "
o E ALICE a L ALICE
C H . p-Pb \ s, = 5.02 TeV ~ =
3 VOA Mult. Evt. Classes (Pb-side) r H . p-Pb \ s, =5.02 TeV
= v pp\s=900GeV 04— VOA Mult. Evt. Classes (Pb-side)
E GSI model = [
2F Ty, =156 MeV N H H A ppis=7TeV
C A ppis=7TeV 02—
1= THERMUS 2.3 model L i _
FooTes T,y = 155 MeV = Pb-Pb\s,,=276TeV = PboPbysy=276TeV
0_ 1 I 111 | 1 1 1 1 1 11 | 1 1 1 1 11 1| I O_ I 1 1 11l I 1 1 1 1 1 1 1 | 1 1 1 1 1l 1 11 |
10 10° 10 10°

10 10
<chh/dnlab>Inlabl< 0.5 (dNC“/dn'ab>|’T.ab|< 0.5
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Particle yields and chemical
equilibrium (2)

n|(K:|K|K*|p|p|A|Z|Q]|d][iH|He

L] ¢
10% F allh ! L. o
: ALICE Preliminary -
107 R | e Pb-Pb 15, = 2.76 TeV, 0-10%
: o - v : ;

o B :

10 3 E
b * R
1 E : 1:

© Extrapolated

- ; © Notin fit . Pb_Pb * 1

10? F Model T(MeV)  V(im) X//NDF ‘ .
, | [ meAmUs23 155 + 2 5924 + 543 23.6/9 ; ]
107 F . -
F |"* GSI - Heidelberg 156 £ 2 5330 + 505 17.49 ]
: 9 : -
10¢ | [rsHares 156 + 3 4476 + 696 14.1/9 il J
F BR - 2 ]

'8 s
£ 05 fmsosecassesidesnesseseass Gonnnenasaess Goenenane ¢ ------------------------------- Presssssririnadennarsiiiien Besassrisrnnadianstriirerendenseiiirene -
g 0:'"'T:'o"o'a"é"'¢'¢"°'° """"""" -1 - $11
-Q 9 ------------------ ¢ 4-i j-l - + el E - o= - - - ;
B ; :
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e | TET ;
:‘_‘T 2 - . L .....-. -]
o s - T T - S e
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Particle yields and chemical
equilibrium (2)

n|(K:|K|K*|p|p|A|Z|Q]|d][iH|He

. S M , S ’ In heavy-ion collisions,
SN e v ALICE Preliminary ! | chemical equilibrium is typically
02 —— | . — Po-Po f5,, =276 Tev,0-10% 1 | verified with a thermal fit in
10 F e e : 1 | which all particle yields are
& [ - 5 { | described with the same
JEroon. Pb-Pb = { | chemical freeze-out
1 L - .
107 F o exmpaam é { | temperature T,=160 MeV.
10° k Model T (MeV) V (im?) x*/NDF .
2 [ = THERMUS 2.3 1552 5824 + 543 23.6/9 R
107 F |- GSI-Heidelberg 15622 53302505  17.4/9 __.__1
10+ r, = SHARE 3 156 + 3 4476 + 696 14.1/9 il 1
= BA = 2 3
'8 s
T 1 e St S 'y - R Soe B B T YT AT .
R T LA FOS QR L Ay i Y Nivy
§ 0y 0000000 du0 $49 g
IR i ek s day b S ¢'¢"°‘°"H """
g’os :... .................................................................................................................................................. _:.
2 4 fom s eense b s D T _E
L) - g —— |
E 2 - STTTITIIY pEme -.:__:
E 2 [ — e T 3
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Particle yields and chemical
equilibrium (2)

- 3
n|KK(K|p|p|A|Z|Q]|d]|\H|He
. e - ’ | In heavy-ion collisions,
3 o [ : :  ALICE Preliminary chemical equilibrium is typically
° E . : p-Pb sy, = 5.02 TeV verified with a thermal fit in
1k i v . VoAMultiplicly (Po-Sice) 0-5% 4 | which all particle yields are
£ T ‘ j N -] | described with the same
10 E p-Pb chemical freeze-out
102 | ©Campans ; : | -4 | temperature T =160 MeV.
Model T (MeV) 7, fe (fm) r (fm) ¥*/NDF| ==
10° 3 -—THERMUS 23 GC 158 +2 1 (fix) N/A 3.40+0.11 32.0/7 .
f |-~ THERMUS 23GC 15922 098003 NA 340+0.11 31.3/6
104 g =+ THERMUS 23SC 158 +3 1 (fix) 461+£377 307+0.13 296/6 3
s ;
g 0.5 [ ...................................................................................................................................................... e
T i ch IR S L
3 ':Q' - - ------- i --i--- 5 - Qe e .- ---e.-ne -
E-05 e .............................................................................. S ssasnessucoveniusssavssmiusipusssrisnsnis Bosuvansanasiissisansnass K
5 4 T O SCL T ITIIr SRS SRR B
2 LF ]
8 2 3 5 ITET _ ey el r
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E -2 E—-h-l- R risbolsokis '-:'
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Particle yields and chemical
equilibrium (2)

n(KHK|K*|d|p|A]|Z]|Q|d[iH|He

In heavy-ion collisions,
chemical equilibrium is typically
verified with a thermal fit in
which all particle yields are
described with the same
chemical freeze-out
temperature T,=160 MeV.

Works in 1st order also in p-Pb
collisions, however, the x2/ndof
is slightly worse: =5 instead of
=2, mainly due to multi-strange
particles.

@0 1
L s . ALICE Preliminary
] p-Pb s, = 5.02 TeV
i e sl B oo 3

Itiplici -Si -59

- : e - VOA Multiplicity (Pb Slde)0$/o E
E_ A: : ; : : §
' <$Notinfit p -P b ]
;_ 0 Extrapolated : : s A o
E | Model T (MeV) 7, fe (fm) r (fm) ¥*/NDF| == :
- |—THERMUS 23GC 158+2 1 (fix) N/A 340 +0.11 32.077 -
: “THERMUS 23GC 159+2 098+0.03 NA 340 +0.11 31.3/6
|+ THERMUS 2.3SC 15813 1 (fix) 461+377 307+0.13 29.6/6 B
UV SRR SOV VRN, SN SOOI SO SO U S S, — e
p—— R SR U S I e gp— Y, U R B s pup— —
E_ 1 'b 0 gk o G (n] ¢' 1 $ { e k
E.Q. _________ ‘i’. A [ SR R 5 e i
L ¢ T
E_ S ——_
E—“J- - — E
L cssiosssnibanssnnsvon hsnisssssinse bivisissinssibissvavissonss s ivssssinnelussssresnsisfussinsssssnsiussiisenvens fuvssnessusssdsesvorvesnsidussonssiins =
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Nucleil in Pb-Pb

Thermal model: g
production yield o
dN/dy ~ exp(-m/T)

Nuclei follow the
exponential fall
predicted by the
model nicely

Each added baryon
gives a factor of
~300 less
production yield

ISVHECRI 2014 - Benjamin DoOnigus - 19.08.2014

10°°

; ALICE preliminary

. Pb-Pb \ s, =2.76 TeV

- 0-20% centrality

-

=

3

= —— A& fit (;2/NDF = 0.29) *He

= B =(-6.2 +0.2) ¢*/GeV
_I|IIJIIIIIIII1IL|IIII|1IJIJIIIIII1I1|IIII
0.5 1 15 2 25 3 35 4 45

m (GeV/c?)
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High p+ and jets

ISVHECRI 2014 - Benjamin DoOnigus - 19.08.2014
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What is the R,,7?

« Modification of the spectral shape due to nuclear effects
IS quantified based on the nuclear modification factor:

. Pb
dN ,,/dp, P

R , = :
7 <Ncoll >dep /de . q

* Number of binary collisions is calculated in a Glauber
model: <N_,>=6.9 £ 0.6

* For pQCD processes: if R,y = 1 — p-Pb collision is
approximately a superposition of independent proton-
nucleon collisions and no nuclear effects are present.
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Roa — examples

charged particles and jets

[1405.3452]
D mesons (mid-rapidity) _

& R TV T7 ] L L L I L L ] T T l | D R I LI i
8 2_ — T T | T T T [ T T T 1] mo' : ALICE p'Pb, SNN=5'02 TeV :
[ PF%= charged jets ALICE Preliminary . saf, s E
1.6~ anti-k; R=0.4, |1 |<0.5 . ; ]
1.4 [—=—] charged hadrons, NSD, |7__|<0.3 s 1.2~ B
125, - = =y §
1 0.8F -]
e 0.6F v
uncertainty reference + - 0.4 ‘_ _
I normalization I Glauber (charged jets) ] [ ---- CGC (Fujii-Watanabe) i
B 0.2/ == PQCDNLO (MNR) with CTEQ6M+EPS09 PDF ]
0‘20 PO SR W NN NN NN TN SN SN WY S S NN SN SN NN S S S . : === \itev: power corr. + kT broad + CNM Eloss :
20 40 60 80 G V100) %‘ 11 1 1 l 11 1 1 l 11 1 1 l 11 1 1 l 0 2 . l 11 ]
p_orp_ (GeV/c 5 10 15 20 25
[1405.2737] T T Tet p, (GeV/c)
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g 2: T T T ] T T T I T T T l T T T l T T T [ :
o G minimum-bias p-Pb |s,, = 5.02 TeV E
-~ %= charged jets ALICE Preliminary -
1.6~ anti-k; R=0.4, |1 |<0.5 .
1.4~ [—*—] charged hadrons, NSD, |__|<0.3 el
1.21 =

1

R, A, — examples

P

charged particles and jets

[1405.3452]

D mesons (mid-rapidity) _

T T ] L L L I L L I T 17 l | D R l LI i
ALICE p-Pb, |5,=5.02 TeV

—=— Average D°, D", D"

-0.96<y_ <0.04 i

l normalization I

uncertainty reference +

Glauber (charged jets)

l 1 1 1 l L 1

llllllllllllll

1 1 1 l 1 1 1 l 1 1 L
0% 20 0

[1405.2737]

60 80

p, or pTJet (GeV/ce)

In general, no
significant modification
observed in the 10-30
GeV/c region.

ISVHECRI 2014 - Benjamin DoOnigus - 19.08.2014
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-+ CGC (Fujii-Watanabe) ]
== pQCD NLO (MNR) with CTEQ6M+EPS09 PDF ]

=== Vitev: power corr. + k_broad + CNM Eloss

5 10 15 20 25
P, (GeV/c)
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Roa — examples
[1405.3452]

. . D mesons (mid-rapidit
charged particles and jets 2 _,,,.,,,.,,..(,,,,,.R,,Y).',,.,
2 LN S N NN S S NN B S S NN SN S S N S SR A mo' : ALICE p'Pb. SNN=5‘02 TeV

Q ™ -
m%' 1 8: minimum-bias p-Pb sz =5.02 TeV ] 16_— —=— Average [)0‘ D’, D.’

[ PB%== charged jets ALICE Preliminary . I B E
1.6~ anti-ky R=04, | |<0.5 . . |
14 [—=—] charged hadrons, NSD, |1__|<0.3 1.2 .
1.21 . 1— e F

! 0.8 =

0.6

el

Illlllllllllll

1IT[TIT[$J\T[TIIITI

— uncertainty reference i
I normaiization I Glauber (c‘I,\arged iets)+ e -- CGC (Fujii-Watanabe) ‘
0.2 ——= pQCD NLO (MNR) with CTEQ6M+EPS09 PDF _]
0 PR N S S NN S S T S RN NS U === Vitev: power corr. + k_broad + CNM Eloss -
2 20 20 60 80 100 P I AR ST
p_orp_ (GeV/c) 5 10 15 20 25
[1405.2737] T T Tet p, (GeV/c)
Ingeneral, no The suppression effects seen in AA collisions are not
significant modification due to cold nuclear matter effects. They are final
observed in the 10-30 state effects in AA (energy lost in the medium).
GeV/c region.
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Rpr

1.8
1.6
1.4

0.8
0.6
0.4
0.2
0

Charged particle Ry,

Illlll I 1 lllllll

—e— CMS, n|<1
—e— ATLAS, n|<1
ALICE, [n|<0.3

TTTITTTITTTITTIITIIITT[

TTT [T T[T rgTT

llllll | | lllllll

I Il]l]ll

pPb s, = 5.02 TeV, charged particles

| 1111111

I
h s

xllllllllll

|
1

l
1

11111111111111

10
P, [GeVi/c]

Going to even higher p;, CMS
observed an enhancement in the
charged particle Ry,. ATLAS now
confirms this observation.

No explanation yet for this
phenomenon!

PDFs are expected to be modified in
the nucleus. However,
antishadowing seems to be
insufficient.

Jet fragmentation needs to be
checked, because the R, of jets Is
approximately equal to one in all
three experiments.

Different impression of CMS/ATLAS
vs. ALICE data.
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Charged particle Ry,

« Going to even higher p;, CMS
observed an enhancement in the

15 — antishadowing  Fermi- charged particle R,. ATLAS now
L SSTOR _ motion confirms this observation.
- : * No explanation yet for this
10 feverveineiei f N\ phenomenon!
< .. - : « PDFs are expected to be modified in
X 06 y the nucleus. However,
Vo £ , : 7°°  antishadowing seems to be
C shadowing : . ..
- : : insufficient.
02 X, Xe| * Jetfragmentation needs to be
Ll ol S Y checked, because the Ry, of jets is
10~ 107 107! 1 approximately equal to one in all
T three experiments.

» Different impression of CMS/ATLAS
vs. ALICE data.
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Charged particle Ry,

- CMS Preliminary  [CMS-HIN-12-017]
[ pPb |'s,, =5.02 TeV

N, =6.9 T,

Bf-s2=" . CMS Charged Particles Iy_<1

= EPS09 fDSS NLO =° y=0

Helenius et.al, JHEP 1207 (2012) 073

10 10°
P, [GeV/c]

Going to even higher p;, CMS
observed an enhancement in the
charged particle Ry,. ATLAS now
confirms this observation.

No explanation yet for this
phenomenon!

PDFs are expected to be modified in
the nucleus. However,
antishadowing seems to be
insufficient.

Jet fragmentation needs to be
checked, because the R, of jets Is
approximately equal to one in all
three experiments.

Different impression of CMS/ATLAS
vs. ALICE data.
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Charged particle R,

(Charged) JetR
2_' T TTT)
18:— s CMSfuIIJet 05<n <05 ]
[ e ALICE charged jet, 05<n_<05
1'6:_ o ATLAS fulljet,-0.3<n_<0.3 4
1.4:— B
1.2F |
£ 0 1 oW el 1 |
o bl
0.8:— &
0.6; :
0.4F B
0.2}

Qo300 100 200

ou [GeV/c]

Going to even higher p;, CMS
observed an enhancement in the
charged particle Ry,. ATLAS now
confirms this observation.

No explanation yet for this
phenomenon!

PDFs are expected to be modified in
the nucleus. However,
antishadowing seems to be
insufficient.

Jet fragmentation needs to be
checked, because the R, of jets Is
approximately equal to one in all
three experiments.

Different impression of CMS/ATLAS
vs. ALICE data.

ISVHECRI 2014 - Benjamin DoOnigus - 19.08.2014 21



The need for 5 TeV pp
reference data

* N.B.: There is no data at the reference energy! The proton spectrum
IS interpolated/extrapolated from 2.76 TeV and 7 TeV data...

ALICE / CMS

0 20
1.8L%  pPb spectra, ALICE (n[<0.3) / CMS (jn|<1) - 1.8 « pp ref., ALICE ([n|<0.8) / CMS (In|<1)
1.6 — 1.6
1.4} 1 on 14
1.2} 3 1.2 e e 1
J TR
13' nonn L - ~ . 1
r v«-.‘_.v::::.’? @ ; + { : 8 1 A_..._f~ i
0.8? -7 oe T 5 = 0.8
0.6 = < 06
0.4 Accounts for 1/3 of the e 0.4 Accounts for 2/3 of the
0.2~ difference.. 3 0.2 difference..
0}11111;.-.l11111.1111111.111111- 0111111‘.11 111111111 | ISR T R AT A |
10 20 30 40 50 60 10 20 30 40 50
P, [GeV/c] P, [GeV/c]

p-Pb spectra
By R LRI ey

pp reference
a & Eg e ERARY 2 R

* Also needed for; 13 TeV * 82/ 208 =5.125 TeV !
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Ry at intermediate py

. . . . f1-4"”l”"I”"T"”I”"I""l”"l””l""l”"

 The second interesting region is & 13f  ALICE p-Pb|5,=502TeV,NSD

around 3-6 GeV/c — Cronin peak | o 052737 E

« Shows a strong dependence on " . E

particle type: ] , + = I k

* no peak for pions and kaons, o9 + E

=0 4 =

* rather pronounced for 0.8 -
protons.. 0.7

llllllll

* This could indicate that it is caused 06

: h d particles, 0.3
by the mass dependent hardening 0.5 charged particies, (17, .| <

of the pr-spectra as predicted by the 045469520 25 30 35 40 45 50
radial flow picture. p, (GeV/c

i
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Ry at intermediate py

The second interesting region Is
around 3-6 GeV/c — Cronin peak

Shows a strong dependence on
particle type:

* no peak for pions and kaons,

* rather pronounced for
protons..

This could indicate that it is caused
by the mass dependent hardening
of the p-spectra as predicted by the
radial flow picture.

0
o
Q

oC

2r
1 8: ALICE preliminary
1.6 i
: HEH - e
1.4~ ™
1.2 e
. N [
1f---- — :'.':i_'.'_“*“luh$
= 4 — |
0.8 I_.r_:.u‘ o
. NSD, p-Pb | sy, = 5.02 TeV
06 y Iil nt+m, -0.5 < yCMS<O for pT<2.0 GeV/e
0.45 03<y,, <03forp >2.0GeV/c
0 ) :_ E p+p, -0.5 < Y ows < 0 for P, < 3.0 GeV/c
r 03<y,, <03forp >30GeV/c
7 1 1 1 J 1 1 l 1 1 1 I 1 1 1 | 1 1 1 l 1 1 1 J 1 1 1
0 2 4 6 8 10 12 14
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LHCT RpA measurement

o —
o~ _F (@ LHCfys=5.02TeV ] = _E (b) 1 & _fF (© ]
0.7 89>y >-9.0 0.7 9.0>y >-9.2 0.7F 92>y >-94
0.6F : 0.6F E 0.6F E
F —e— LHCf 3 : 5 : 5
0'55'— DPMJET 3.04 ' 0'55' ‘ 0'55_ '
0.4F - - - QGSJET 1103 1 04 7 04 3
0.3;----- EPOS 1.99 g 0.3; . 0.3;— 3
02fF 0.2t ' :
01:;L__"itl=_--__t el W 0.1
RN R = g
01020304 05 06 B 0710203 0405 06
[GeV] [GeV]
o 94>y >-96 10.0>y_ >-11.03
TGS 65 64 65 66 070203040506 007020504 0506
[1403.7845] p, [GeV] P, [GeV] P, [GeV]

* Ry, measured at low p; (< 0.6 GeV/c) and very forward (y < -8.9).

* Reproduced by models, helps to model nuclear effects in cosmic ray

air showers.
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RHICt and PHENIX

s e e uction At Rlc (o partiele LHCf experiment measures very
forward particle production at the
LHC for constraining cosmic shower

Y Itow. H.Menjo, T Sako, N.Sakurai mOde|S

Solar-Terrestrial Environment Laboratoy / Kobayashi-Maskawa Institute for the Origin
of Particles and the Universe / Graduate School of Science, Nagoya University, Japan

K.Kasahara, T.Suzula, 5. Torn Proposal for R H ICf experl ment to
Waseda Usiversiy, Japas make comparable measurements in
0. Adriani, L.Bonechi, G.Mitsuka, A.Tricom p+p and p+A COI I ISionS a.t R H I C

Y.Goto

RIKEN Nishina Center / RIKEN BNL Research Center, Japan

K.Tanida

Seoul National University

https://indico.bnl.gov/getFile.py/access?res
ld=0&materialld=6&confld=764

If approved, RHICf detector would be integrated with the PHENIX experiment
providing key additional constraints
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Heavy flavour and electroweak bosons
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Quarkonia — Introduction

« A precise measurement
of quarkonia is crucial
for the understanding of
regeneration effects in
Pb-Pb collisions which
probe de-confinement
in Pb-Pb.

* |n addition, these
measurements can
help to constrain
nuclear PDFs.

ISVHECRI 2014 -

N‘§ dy ' oMS Prehmmary 2013 s
g 1 P00 PPb |5, =5.02TeV -
E 0 n y(2S) L, =35nb" ;
> H 5
Ll i -
103 , _
| ]
107 -
| :
10/ ;
| é
1 -
: : ' L L H
1 10 102
m,, (GeV/c?)
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Quarkonia (1)

In general, nuclear absorption effects are
small at the LHC. Precision of the data
allows for quantitative comparison with
theory.

Theoretical predictions based on nuclear
shadowing (EPS09 + NLO) are in fair
agreement with the J/y and data. Similarly
for models including also partonic energy
loss.

Same picture for Y production.

While models predict identical behavior for
J/y and y(2s), the data shows differences.

— hint at final state effects

— unexpected, because charmonia
formation time is larger than cc
crossing time in the nucleus

— Suppression due to interaction
with the (hadronic) medium created
in the collision?

g T T T T T —
145 LHCb —4— LHCb, Prompt J/y
o r -\(a) pPb |5 =5 TeV d i ]
b A p,<14 GeV/c i
1.2 x

b “ Rpr

N *

0.8~ R H
- T i o
N EPS09 LO ]
0.6~ EPS09 NLO —t—i —
r nDSg LO B ]
I~ E. loss 7
0.4 . E. loss+EPS09 NLO N

g3 2 o 2 § ¢ 2 3 4 2 . o 8 o 4 1

-4 -2 0 2 4
y

JHEP 02 (2014) 073
%1 4 [ p-Pb \s, =502 TeV
L) ALICE (JHEP 02 (2014) 073): inclusive J'y sy, O<p_<15 GeVic

i L. (446cy__<296)= 58nb", L_ (203<y__<353)=50nb
1 2 ALICE Preliminary: inclusive J'y "¢, p »0
= —~ L (13Tey__ 0A43)= 52 ub
global uncertainty = 3 4%
1.. e e s e e cssccccccccsnssssssssssssssssscssssasssscnsand
. f W

04 EPS09 NLO (Vogt)
CGC (Fujii ot al.)
0.2 |~ g eLoss, q,20.075 GeV'/im (Arieo ot al)
I [1] EPS09 NLO + ELoss, q =0.055 GeV'/im (Arleo ot al)
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Quarkonia (1)

In general, nuclear absorption effects are
small at the LHC. Precision of the data
allows for quantitative comparison with
theory.

Theoretical predictions based on nuclear
shadowing (EPS09 + NLO) are in fair
agreement with the J/y and data. Similarly
for models including also partonic energy
loss.

Same picture for Y production.

While models predict identical behavior for
J/y and y(2s), the data shows differences.

— hint at final state effects

— unexpected, because charmonia
formation time is larger than cc
crossing time in the nucleus

— Suppression due to interaction
with the (hadronic) medium created
in the collision?
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Excited Y states are less
suppressed with respect to the ¢
ground states in min. bias p-
Pb collisions than in Pb-Pb

collisions.

However, the suppression of
excited states seems to vary
with the event multiplicity
(same in pp). ]

It is an open question if w R i L S
excited states add multiplicity o= '

(event selection bias) or if the . | N
activity suppresses excited ST, & s T

Quarkonia (2)
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do/dy [nb]

Z% production in p-Pb

collisions

New in the LHC energy regime... = 2200 Z seen by CMS in p*u- (similar for
ATLAS). Also results from LHCDb, but with much smaller statistics (= 15
candidates).

Similar studies for W* and W- (= 21000 W—pu*v, = 16000 W—etv).
Hints of forward-backward asymmetry might help to constrain nuclear PDFs
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PHENIX Direct Photons — QGP Shine

Temperature Profile + Velocity Vectors
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New spectra, v,, v, of direct photons are
a challenge for models of QGP to explain
without stronger coupling near transition

temperature
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Search for exotic objects
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Exotica - Introduction

H-dibaryon (uuddss):
First predicted by Jaffe in a bag model calculation
(Jaffe, PRL 38 (1977) 195)

Recent lattice calculations suggest bound state or a resonance close to
the =p threshold

An bound state:

@ @ O
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H-dibaryon

Expected H-dibaryons (H — Aptr):

Nw = 1.38°107°0.0385°0.64°3.1°103°*2 = 2110 _l ‘

events eff. BR(A) dN/dy dy BR(H-dibaryon)

strongly bound H: 2110 ° 0.1 = 211 lightly bound H: 2110 * 0.64 = 1350
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An bound state

Expected An bound states (/G — d_'IT+):

Nan = 1.38°107° 0.0255°0.35°1.6°102°2 = 4000
——t) ——— ) ) —
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Comparison to models

« The An bound state and
the H-dibaryon are not
observed

* Different model
predictions are of the
same order

» Upper limits for the two
particles are set, at least
a factor 10 below model
predictions

dN/dy

107

102

1073

10

T
- Pb-Pb \s,, =2.76 TeV (0-80% central} N
= Lpper limit {33% CL}
— === Equilibrium thermal model {&ndronic et al.) 164 MeV

«=== Equilibrium thermal madel {Andronic et al.) 156 MeV H L IC E

— Non-equilibrium thermal model (Rafelski et al.)
138.8 MeV, y_=1.63, ; =2.08

PRELIMINARY

—— Quark coalescence [ExHIC Collaboration)

===« Hadron coalescence (ExHIC Collaboration)

|
<

An

=» Existence of these particles with the assumed properties (BR,
mass, lifetime) is questionable
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Dark Photon Search

Muon g-2 experiment (E821) has 3.6c ¥
result beyond the Standard Model L
' 1 L) .
One explanation is the dark photon — N8
Low mass, weak coupling
o

PHENIX, HADES and ALICE have excellent dark photon
search capabilities

CL

No dark photon signal seen

€2 90%

Our upper limit, plus others,
nearly rules out dark
Photons as g-2 explanation

70 B0 a0 100
mu [MeV/c?]
ISVHECRI 2014 - Benjamin Donigus - 19.08.2014 37



Dark Photon Search

Muon g-2 experiment (E821) has 3.6c Y

result beyond the Standard Model o
LU )

One explanation is the dark photon — N8

Low mass, weak coupling
o

PHENIX, HADES and ALICE have excellent dark photon
search capabillities

10

No dark photon signal seen
Our upper limit, plus others,
nearly rules out dark

Photons as g-2 explanation

10 :’

101 1 1 1 1 1 1 II1
M, [GeV/c?]

G. Agakishiev et al., Phys Lett. B 731 (2014) 265
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Dark Photon Search

Muon g-2 experiment (E821) has 3.6c ¥
result beyond the Standard Model o
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One explanation is the dark photon — N8

Low mass, weak coupling
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PHENIX, HADES and ALICE have excellent dark photon
search capabilities
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Summary and conclusion
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Summary and Conclusion

A lot of interesting physics results from A-A and in particular p/d-A

Pb-Pb/Au-Au like features are observed for the bulk of the produced
particles at low p-: v,, radial flow, thermal fits..

No indications of quenching at high p; (charged hadrons, jets, open
charm, heavy flavor, electrons, muons). However, CMS & ATLAS
observe a yet unexplained enhancement at high p-...

Quarkonia measurements provide an essential baseline for the
understanding of the Pb-Pb results. Electroweak bosons can help to
constrain nPDFs and centrality estimators.

For searches of exotic objects significant upper limits have been set
Very interesting times ahead of us...
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p-Pb collision geometry

p-Pb Pb-p
= »‘-’~.’-—._-__.‘_,_r: \ ‘JSNN — 5'02 Tev = J’.."‘.‘»'-f-_-..‘_ . VSNN = 5.02 TeV

Pb

p
Miab < 0 Miap > 0 Nap < 0 Nap > 0
y>0 y<0 y<0 y>0

Nems > 0 Nems <0 s <0 oo &8

the direction fo the proton is always at positive y = y_... and positive n_,.
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Centrality — Introduction

T T T T

* In contrast to Pb-Pb collisions, it is not
straightforward to relate experimental
guantities to the collision geometry, i.e. the
number of participants N, and binary
collisions N 2 W
— In p-Pb collisions: N5 = Npyp - 1
« Large biases present in the system:
 Multiplicity fluctuations
* Jet-veto bias

* Geometric bias

Multiplicity

B 2

* Most simple approach: only multiplicity classes Pb . S20000
instead of centrality, but more can be done... S5 § :
15000

Different experiments employ different 10000
approaches in order to deal with biases. i

One needs to be careful in comparisons. g
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Centrality — ALICE

Standard Glauber fit+event selection

Standard Glauber fit*fevent selection (a la
AA) leads to results which depends on the
n-region of the centrality estimator.

Example Q,, (not called R,,, because
collision geometry is not properly

reflected): AN d
i pa! APy
O <N oll>‘dep / dp;

¢ i

» Forward neutrons (measured in Zero Degree
calorimeter) cause no selection bias on mid-
rapidity
bulk production
-> used to bin events in classes
* Determine N,/N, by assuming one out of:
» Mid-rapidity dNch/dn ~ Npart
« Forward dNch/dn ~ NP? .. = N, -1
* High p; yield ~ N
* Methods reach consistent results:
* N, consistent within 5-10%

O 25F
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PO [T R | by g 1
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Centrality — ATLAS

A different approach is used:

— The underlying model is changed from a Glauber

model to a Glauber-Gribov.

NN cross-section is subject to quantum
fluctuations in the proton configuration
(controlled by fluctuation parameter Q).

Model can be constrained by pp diffraction

data.
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multiplicity classes in p-Pb

Definition of seven multiplicity classes:

central - slices in VZERO-A (VOA) amplitude
El ALICE 'éb'”"'rééé%rd"“.o”"”'f
: p-Pb at |s, e .
: . = 1%, Ace ]
peripheral £v —Ji o
= I 40-60%
L [ 60-80%
S 80-100%:

| IIIIIII| 1 IIIIII&nI IIIIIIII | IIIIIIII
-

102 2.8 < |nue| <
10
Correlation between impact ; L L1
parameter and multiplicity is o 100 200 300 400 “‘{,Zg‘;.“og“gmp,,md;‘;’gu,

not as straight-forward
as in Pb-Pb




